The antiphospholipid syndrome (APS) is an important cause of acquired thromboembolic complications and pregnancy morbidity. Its diagnosis is based on clinical and laboratory criteria, defined by strict guidelines. The original clinical and laboratory criteria for the identification of APS patients were published in 1999, in the so-called Sapporo criteria. In 2006 these criteria were revised, and recently more precise guidelines for analysis of the lupus anticoagulant have been provided. However, several questions related to the diagnosis of APS remain unanswered.
The antiphospholipid syndrome (APS) 3 is an autoimmune disease defined by the presence of thromboembolic complications (TEC) and/or pregnancy morbidity, in the presence of persistently increased titers of antiphospholipid antibodies (APAs). Although at present APS is a well-described, difficult-to-diagnose entity, it took many decades to define the diagnostic criteria. Since its first description in 1983 (1 ), APS has engaged hematologists and obstetricians.
HISTORICAL OVERVIEW
APS first began to be defined as an entity in the 1950s with the recognition of 2 unusual laboratory phenomena: false-positive syphilis tests and the occurrence of a nonspecific coagulation inhibitor (2, 3 ) . APA already had been detected earlier in the 20th century by immunological assays used in the diagnosis of syphilis. In 1907, Wasserman et al. (4 ) developed a complement fixation assay for syphilis, using as an antigen (which they named reagin) the phospholipids (PLs) derived from saline liver extracts of fetuses with congenital syphilis. In 1941, Pangborn (5 ) demonstrated that reagin was an anionic PL, and it was renamed cardiolipin because from then on it was isolated from bovine heart muscle. As serological tests for syphilis were used increasingly for the screening of large numbers of patients, it became evident that a subpopulation of individuals with positive serological tests for syphilis showed none of the clinical symptoms of the disease. Moore and Mohr, in 1952 (6 ) , were among the first to identify such individuals and found that these transiently false-positive tests were associated with several other infectious diseases besides syphilis. Persistently false-positive tests were also associated with an increased risk for future development of systemic lupus erythematosus (SLE) and several related autoimmune diseases (2 ) . Nearly concurrently, Conley and Hartmann (3 ) observed an acquired circulating inhibitor that prolonged the coagulation time in vitro in 2 patients with SLE. Seven years later, Loeliger (7 ) described the presence of a factor in some plasmas that prolonged the clotting time, even when the plasma was diluted with normal pooled plasma, and proposed prothrombin as a possible candidate. In 1963, Bowie et al. (8 ) first described the association of this anticoagulant with thrombosis instead of bleeding. The association of the anticoagulant with thrombosis and intrauterine death was subsequently described by other investigators (9 ) . It was not until 1972, however, that Feinstein and Rapaport (10 ) introduced the term "lupus anticoagulants" (LACs) for an inhibitor directed against coagulation cascade PLs. Because the majority of patients with LACs do not have SLE, the term is clearly a misnomer but has been retained for historical reasons. The anticoagulant effect is strictly an in vitro phenomenon, although some antibodies have been noted to simultaneously manifest an anticoagulant effect in vitro and a prothrombotic effect in vivo. In 1983, Harris and coworkers developed a radioimmunoassay for the detection of anticardiolipin (aCL) antibodies (11 ) , and 2 years later, they developed the first quantitative ELISA (12 ) . Using this assay on a large population of SLE patients, they showed that the subgroup with increased aCL antibodies had a higher incidence of thrombosis and pregnancy morbidity (13 ) . This led to the first description of the so-called anticardiolipin syndrome, also referred to as the antiphospholipid syndrome by the same investigators (1 ) .
One of the most intriguing findings in the early 1990s was that the aCL antibody activity in most APS patients depends on the presence of a protein cofactor. Three independent groups showed that so-called aCL antibodies were not directed against cardiolipin per se, but against a cofactor (14 -16 ) , a plasma apolipoprotein known as ␤2-glycoprotein I (␤2GPI), a 50-kDa single-chain polypeptide glycoprotein that binds to anionic PLs. Further research uncovered that not all aCL antibodies were ␤2GPI dependent and that the in vitro anticoagulant effect of LAC-positive aCL antibodies depended on the presence of ␤2GPI only in a subset of patients. ␤2GPI-dependent antibodies were found only in patients with autoimmune diseases, whereas patients with infectious diseases had ␤2GPI-independent APA (16 ). Subsequently, other groups also reported that ␤2GPI was needed as a cofactor for LAC activity (17) (18) (19) . In other patients, the LAC activity was shown to be dependent on the presence of prothrombin (20, 21 ) .
CURRENT CHALLENGES
The actual cause of APS is unknown, but thought to be multifactorial. APS can involve almost any organ, but only vascular thrombosis and recurrent fetal loss are included in the current diagnostic criteria (see (22 ) ). The syndrome is characterized by the occurrence of a heterogeneous population of autoantibodies against PL-binding proteins. APAs are also found in other autoimmune diseases, in patients receiving drugs such as procainamide and chlorpromazine, in children with recent viral infections, in patients with infections (HIV, hepatitis, malaria, and others), in association with malignancy, and even in otherwise healthy individuals (23 ) .
The mechanisms and pathophysiology of the clinical symptoms associated with APS are highly heterogeneous. Although progress is being made in understanding the pathogenesis, difficulties persist in the identification of patients at risk for TEC. Because the incidence of clinical symptoms is high and these symptoms can be caused by other underlying factors, APS diagnosis relies predominantly on laboratory results where detection of APAs is required, by definition. However, the laboratory diagnosis is complicated by the lack of a gold standard. The Sydney update of the classification criteria for definite APS published in 2006 (22 ) led to a substantial improvement of APS diagnosis, but several difficult issues remain unsolved. Recently, the serological criteria that define APS have been under debate (24 -26 ) . In addition, the Scientific Standardisation Subcommittee (SSC) of the International Society of Thrombosis and Hemostasis (ISTH) has recently provided useful additional details and specifications about LAC detection, in more stringent guidelines, obtained via international consensus statements (27 ) .
This review highlights the clinical diagnosis and the potential and limitations of current diagnostic tests, against the pathophysiological background of the syndrome.
Diagnostic Criteria
Clinical and serological classification criteria for APS were first formulated and published in 1999 and called the Sapporo criteria (28 ) . Since their publication, new clinical, laboratory, and experimental insights have been acquired. Consequently, the criteria were revised and published in 2006 as the Sydney criteria (22 ) . The updated statement maintains a subdivision of clinical and laboratory criteria requiring at least 1 clinical and 1 laboratory criterion to diagnose APS.
CLINICAL DIAGNOSIS
Because APS patients can present very differently with a diverse range of clinical symptoms, it remains a challenge for clinicians to recognize the underlying disease. The classic presentation of APS includes life-threatening vascular thrombosis, as well as obstetrical complications such as recurrent fetal loss and severe preeclampsia.
Nonetheless, the disease may affect virtually any organ, including lungs, heart, skin, brain, kidneys, eyes, adrenal glands, and liver (29 ) .
Several pathogenic mechanisms for thrombosis in APS have been described (30, 31 ) (Table 1 ). It is likely that no single mechanism explains thrombosis and that the episodes of acute thrombosis have a multifactorial pathogenesis. Thrombosis plays a key role in most of the clinical manifestations of APS. Inhibition of factors of the anticoagulant system, impairment of fibrinolytic activity, interference with coagulation factors and complement, and the direct effect of APAs on cell function have been proposed to explain the thrombotic tendency found in APS patients (30, 31 ) .
Some clinical symptoms including neurological and pregnancy complications cannot be explained by thrombotic or ischemic mechanisms (see (32 ) ). The pathophysiology of pregnancy failure in APS patients may involve inflammation in the placenta and disruption of normal trophoblast function and survival, rather than occurrence of a prothrombotic event. A disturbed cytokine/chemokine profile and chemotaxis function of trophoblasts induced by anti-␤2GPI antibodies may be responsible for the inflammatory infiltrates seen in the maternal-fetal interface in these patients (33 ) .
Chronic inflammation is an important characteristic in APS patients that may dispose them to TEC. Platelets play a key role in inflammation and thrombosis. Plasma levels of platelet receptors may therefore be indicators of a thrombotic risk. Accordingly, soluble P-selectin is higher in patients with venous thromboembolism, but its role as predictor for TEC needs to be further evaluated in prospective studies (34, 35 ) .
Established clinical criteria were left unchanged in the revised Sydney criteria (22 ) ( Table 2) , except for transient cerebral ischemia and ischemic stroke, which now are considered to reflect vascular thrombosis. Superficial venous thrombosis is not included in the clinical criteria. Thrombosis of the deep limb veins with or without pulmonary embolism is the most common manifestation of APS, but any part of the venous and arterial circulation can be involved, including mesenteric, portal, intracranial, and retinal vessels. Ischemic stroke is the most common arterial thrombotic manifestation, but myocardial infarction, peripheral gan- grene, and thrombotic occlusion of any part of the arterial vessels, including mesenteric, adrenal, and renal vessels, can occur (36 ) . Clinical features of APS (Table 3 ) not included in the classification criteria are heart valve disease, livedo reticularis, thrombocytopenia, nephropathy, and neurological manifestations (22 ) . Various hematologic manifestations have been described in association with APS, thrombocytopenia being among the most frequent (37 ) . The occurrence of thrombocytopenia in patients with persistent APAs should be differentiated from idiopathic thrombocytopenic purpura (ITP), since patients with ITP do not have an increased thrombotic risk. With regard to cardiac manifestations, only coronary artery disease fulfils the thrombosis criterion for APS. Other dermatological manifestations besides livedo reticularis occur and may be the first presenting clinical manifestation in APS, e.g., skin ulcerations, digital gangrene, and subungual splinter hemorrhages (38 ) . Besides transient cerebral ischemia and ischemic stroke, no neurological manifestations are included in the clinical criteria. There was insufficient evidence to include cognitive dysfunction, chorea, headache or migraine, multiple sclerosis, transverse myelopathy, and epilepsy in the revised classification criteria; however, the data concerning cognitive dysfunction are suggestive and warrant further study (32 ) .
Patients persistently positive for APAs only occasionally suffer from thrombotic events. A 2-hit hypothesis offers a potential explanation of this phenomenon by requiring, apart from the increased risk of thrombotic events induced by APAs by cellular/coagulation activation (first hit), another priming factor to trigger thrombus formation (second hit). In the revised criteria, attention is given to additional inherited or acquired risk factors for thrombosis, which are frequent in APS patients, as illustrated in recent studies (39, 40 ) . These additional risk factors include age, the established risk factors for cardiovascular disease, inherited thrombophilias (such as factor V Leiden or prothrombin mutation G20210A), use of oral contraceptives, nephrotic syndrome, malignancy, immobilization, and surgery (22 ) . Possible genetic predisposition for developing APS and producing APAs has been addressed in family and population studies (41 ) . Associations of APS and APAs have been described with human leukocyte antigen-DR and -DQ, as well as with polymorphisms in the ␤2GPI antigen, the genes encoding for platelet glycoproteins, the signaling pathways for proinflammatory mediators, and genetic defects of the immune system (e.g., IgA or complement) (42 ) .
A major change in the Sydney vs the Sapporo criteria was the omission of the distinction between primary and secondary APS. Patients with APS often have SLE or related autoimmune diseases and are referred to as having secondary APS. When the syndrome occurs in the absence of such autoimmune diseases, it is then known as primary APS. It is unknown whether APS and SLE are 2 diseases coinciding in an individual, whether underlying SLE offers a setting for the development of APS, or whether APS and SLE represent 2 elements of the same process. Secondary and primary APS are not always distinguishable, since they show some common clinical/serological manifestations (43 ) . For the interpretation of laboratory tests, distinction between primary and secondary APS can be useful: a test will have a higher specificity in a population with high prevalence for the targeted disease, but may result in false positives in an unselected population.
Testing for APA should be limited to patients with a significant probability of having APS. In the updated guidelines for LAC detection (27 ) the appropriateness of searching for LACs is graded according to the patient's clinical characteristics into low, moderate, and high risk, taking into account age, provoked vs unprovoked TEC, location of the TEC, and early vs late pregnancy loss. Generalized screening for APA and screening in patient populations with low pretest probability is discouraged to avoid false-positive laboratory diagnoses, caused by the poor specificity of some assays (see "Laboratory diagnosis").
The catastrophic antiphospholipid syndrome is regarded as a separate entity with high morbidity and mortality (44 ) . The term "catastrophic" defines an accelerated form of APS, resulting in multiple organ failure, but this form occurs in fewer than 1% of all APS patients.
LABORATORY DIAGNOSIS
Appropriate laboratory testing is required to exclude or confirm the clinical diagnosis of APS. The most appropriate laboratory tests as described in the official crite- clotting assays that detect APAs indirectly by measuring their effect on the coagulation system. The APAs constitute a heterogeneous group of autoantibodies directed against a multitude of antigens (␤2GPI, prothrombin, protein C, protein S, annexin V, thrombomodulin, factor XII, and others). Antibodies against ␤2GPI and prothrombin are found frequently enough in APS patient plasma to ascribe them a pathophysiological role (31 ) . Moreover, there is increasing evidence that only high-avidity antibodies are pathogenic (45 ) .
The laboratory criteria have been substantially modified in the Sydney criteria (22 ) ( Table 4) . Laboratory criteria consist now of documenting the presence of LACs, aCL antibodies, or anti-␤2GPI antibodies (22 ) . The inclusion of antibodies against ␤2GPI in the new criteria as a sufficient laboratory criterion for the diagnosis of definite APS is a major change.
Determining antibody profiles with subclassification of patients according to the number and type of positive tests is encouraged (22 ) . Categories include patients with more than 1 laboratory criterion present in any combination, LACs present alone, aCL antibodies present alone, or anti-␤2GPI antibodies present alone. Also, the agreement of isotype (preferably IgG) of aCL and anti-␤2GPI antibodies is believed to identify patients at higher risk (27, 46 ) . Clinical studies have confirmed the clinical importance of triple positivity (46 -49 ) . Moreover, patients with a full positive profile are at high risk of developing future TEC. Patients positive only for aCL and anti-␤2GPI antibodies without any history of TEC present with obstetric complications only (46 ) . Isolated LAC positivity is present more frequently in subjects without clinical events and may even be false positive in elderly patients or when diagnosed for the first time (50, 51 ) .
The new criteria increase the elapsed time between the initial antibody test and the confirmatory test from 6 to 12 weeks (22 ) , thereby increasing the probability of excluding temporary infection-associated antibodies. Persistent positivity of laboratory tests is important (52 ) , since transient presence of epiphenomenal APAs may give rise to misclassification. It has been suggested not to classify APS when the time interval between the clinical event and the positive laboratory test exceeds 5 years; a time interval exceeding 12 weeks between symptom and test requires careful assessment of the relationship between clinical manifestations and APAs (22 ) .
A few studies have compared the original Sapporo criteria with the updated Sydney criteria (39, 53, 54 ) . Analysis of an APA-positive patient population demonstrated that the updated criteria are more stringent than the original ones, resulting in a smaller, more highly selected APA-positive patient population. By contrast, between 1.5% and 6% of the patients who did not fulfill the original Sapporo criteria met the revised criteria owing to isolated anti-␤2GPI antibody positivity (39, 49, 53 ) . Swadzba et al. (49 ) confirmed that anti-␤2GPI antibodies are strongly associated with clinical complications of APS, but these appeared less frequently in their study population than aCL antibodies, illustrating the high specificity and quite low sensitivity previously reported. Moreover, the presence of anti-␤2GPI antibodies was closely related to the presence of other APAs.
All laboratory tests considered for the classification of APS (aCL antibodies, anti-␤2GPI antibodies, and LACs) have some limitations related to robustness, (27 ) .
APAs MEASURED BY ELISA
Anticardiolipin antibodies. The diagnostic value of aCL antibodies is currently under debate (24, 25 ) , partly owing to methodological problems. In addition to several factors that contribute to variability in pre-, post-, and analytical conditions, many factors are related to the assay itself and its calibration (55 ) . Currently, most of the commercially available assays have added cardiolipin and ␤2GPI, which increases the specificity of the assay. Recently, a detailed protocol delineated guidelines for the performance of aCL antibody ELISAs (56 ) .
One of the critical issues in the standardization process is the definition of a cutoff value. Disagreement between different assay kits and methods is observed particularly in the lower range of antibody levels. In the current guidelines, only medium and high levels (i.e., greater than the 99th percentile or Ͼ40 units IgG or IgM phospholipid antibody titer) of aCL antibodies are included as a diagnostic criterion, which improves the specificity of the test (22 ) . The idea that an aCL test would be better replaced by an anti-␤2GPI assay was based on the results of a metaanalysis (57 ) illustrating that LACs are a stronger risk factor for thrombosis than APAs detected by aCL assays. Although this study elicited some criticism, other studies also found a lack of correlation between increased aCL antibodies and thrombosis or pregnancy loss. One report indicated that omission of aCL testing from the investigation of APS could lead to failure to diagnose the syndrome in a fraction of patients (see Supplemental Data, which accompanies the online version of this article at www.clinchem.org/content/ vol56/issue6). Myocardial infarction and stroke and recurrent fetal loss were found to be associated with aCL antibodies in 2 reviews (57, 58 ) . Although the discussion about the role of aCL antibodies continues, the aCL assay deserves its place in the diagnostic work-up for APS, owing to its high diagnostic sensitivity, albeit low specificity. In view of the low specificity of assays for aCL antibodies, they are to be considered an additional diagnostic tool and their interpretation should be made in the light of related clinical manifestations.
Anti-␤2GPI antibodies. Several studies have shown a relation between thrombosis and the presence of anti-␤2GPI antibodies. Recently, the role of anti-␤2GPI antibodies has been described in young women with ischemic stroke. Evidence exists that anti-␤2GPI antibodies are associated with preeclampsia and eclampsia, as well as with abortion (see online Supplemental Data).
The circulating ␤2GPI protein is not able to interact with cellular receptors until after its dimerization by autoantibodies (31 ) . Receptor-bound ␤2GPI-APA complexes bound to target cells induce an intracellular signaling and/or a procoagulant/proinflammatory phenotype that predisposes to clinical symptoms. Thus, the deregulated activation of endothelial cells, platelets, and monocytes by anti-␤2GPI/␤2GPI complexes may explain the thrombotic predisposition in APS (30, 31, 42 ) . Several receptors have been advanced in this activation, such as those activating platelets (apolipoprotein E receptor 2Ј and the glycoprotein Ib␣). In a recent study, platelet factor 4 appeared to be an important binding protein for ␤2GPI, leading to a stabilized ␤2GPI dimeric structure facilitating antibody binding with procoagulant potency (59 ) . Annexin A2 is postulated in endothelial and monocyte activation, as well as Toll-like receptors (30, 60, 61 ) . Other binding sites for anti-␤2GPI/␤2GPI complexes are the LDL receptor-related protein, megalin, and very low density lipoprotein, as well as P-selectin glycoprotein ligand 1 (31 ) .
In theory, anti-␤2GPI antibody ELISAs are preferred over aCL antibody ELISAs, since the microtiter plates used are coated with a single and well-defined glycoprotein. Although there is room for improved standardization (55 ) , better agreement is found between different assays compared with aCL antibody assays (51 ) . Laboratories measuring anti-␤2GPI antibodies are encouraged to follow the guidelines proposed by the standardization group of the European Forum on Antiphospholipid Antibodies (62 ) .
The anti-␤2GPI antibody ELISA still has some diagnostic weaknesses. In particular, when anti-␤2GPI antibody detection is the only positive test, results should be related to clinical and other laboratory findings. Despite their higher specificity compared with the aCL ELISA, the anti-␤2GPI antibody ELISAs detect all antibodies reactive with ␤2GPI, including nonpathogenic antibodies and phospholipid-independent anti-␤2GPI antibodies, which makes them less suitable as a general diagnostic test. Furthermore, the current anti-␤2GPI antibody ELISAs also detect low-affinity anti-␤2GPI antibodies (45 ) . Decreasing detection of lowaffinity antibodies improves the specificity of the assay and correlation of the test with thrombotic risk. Antibodies targeting ␤2GPI domain I appear to correlate better with thrombosis than antibodies against other domains of ␤2GPI, but odds ratios vary from study to study, and whether these are the only pathogenic antibodies is still uncertain (63, 64 ) .
Especially high titers of anti-␤2GPI antibodies are associated with a high risk of thrombosis. Until an international consensus is reached, the same threshold (Ͼ99th percentile of controls) is recommended for positive anti-␤2GPI antibodies for patients with thrombosis and patients with obstetrical complications (22 ) .
Antiprothrombin antibodies. Antiprothrombin antibodies (aPTs) are a heterogeneous group, including antibodies against prothrombin (aPT) and antibodies to the phosphatidylserine-prothrombin complex (aPS/PT). Evidence is accumulating that antibodies against aPS/PT, rather than against prothrombin alone, are closely associated with APS and the presence of LACs. Some studies have established aPT antibodies as a risk factor for thrombosis, especially, but not always, in conjunction with the presence of a LAC or the presence of SLE. aPTs have also been described in association with pregnancy loss. Other studies fail to indicate these antibodies as pathogenic in APS (see online Supplemental Data).
So far, and despite growing evidence, these antibodies have not (yet) been included in the Sydney criteria. Therefore aPS/PT antibodies remain to be explored further as candidates in the classification of APS (65 ).
Other antiphospholipid antibodies. Many other antiphospholipid antibodies are described in APS, such as those reactive with phosphatidic acid and phosphatidylcholine, -ethanolamine, -glycerol, -inositol, and -serine (66 ) . The measurement of antiannexin A5 antibodies has appeared useful in some situations (30, 67 ) . Although a few studies report the association of antiphosphatidylethanolamine, antiprotein S antibodies, and antiannexin A2 antibodies with thrombosis and fetal loss, experience with such antibodies is limited (66, 67 ) . It is premature to include assays of other aPL antibodies in the daily work-up for APS because these assays have not been evaluated for precision and interlaboratory variation and standardization is lacking (68 ) . Further studies are needed to address the importance of nonclassic APAs found in APS.
Isotype of APAs. Current criteria recommend increased levels of IgG and IgM APA antibodies to confirm APS. IgM APAs are less often associated with clinical events of APS than IgG (57 ) . A large prospective study on IgG and IgM aCL, anti-␤2GPI, and aPT antibodies did not find any significant association between IgM isotype and thrombosis, even when a higher cutoff value was used (69 ) . A recent prospective study confirmed that only a minority of APS patients carried IgM aCL or anti-␤2GPI antibodies; moreover, these patients also had other thrombotic risk factors (46 ) .
IgA anti-␤2GPI antibodies are not included in the current criteria because their association with the clinical manifestation of APS is unclear (70 ) . IgA anti-␤2GPI antibodies are frequently detected in specific ethnic groups such as African Americans (22 ) . Case reports have been published of exclusive IgA anti-␤2GPI seropositivity with concomitant clinical manifestations (71 ) .
LUPUS ANTICOAGULANTS
LACs are detected on the basis of their functional activity through interference with PL-dependent steps in the coagulation cascade, thereby detecting various APA. LACs interfere with coagulation reactions via more than 1 mechanism (Table 1) . LAC detection is performed according to the revised criteria proposed by the SSC of the ISTH in a multistep procedure, including screening, mixing, and confirmation tests (72 ) . LAC assays are highly specific for the diagnosis of APS and show strong association with thrombotic events and fetal loss (see online Supplemental Data). On the other hand, LAC detection has several disadvantages, and the methodology is complicated and labor intensive (55 ) .
Until recently, precise guidelines for performance and interpretation of LAC assays were lacking. In 2009, the SSC provided useful additional details and specifications for the LAC detection in more stringent guidelines, based on knowledge and experience collected over several decades (27 ) (summarized in Table 5 ).
Specifications are provided on adequate plasma preparation and storage. Double centrifugation is considered the most effective way to prepare platelet-poor plasma (Ͻ10 000/L). Filtration is discouraged because it may affect other coagulation proteins such as von Willebrand factor and factor VIII. Plasma storage for longer periods should be done by quick freezing (at least -70°C). Before performing LAC assays, a thrombin time or anti-factor Xa assay should always be performed to exclude the presence of heparin, even when tests include a heparin neutralizer (27 ) .
To reduce the risk of false positives, the current recommendation is to use 2 tests with different assay principles, because no test has 100% sensitivity. LAC should be considered positive when 1 of the 2 tests is positive. The first choice is a dRVVT (diluted Russell viper venom test) and the second one an aPTT (activated partial thromboplastin time) with silica as activator and a low concentration of PLs. Other tests are not recommended. Mixing tests should be performed by mixing patient plasma in a 1:1 proportion with normal pooled plasma (NPP) and without preincubation. NPP should preferentially be homemade, but commercial lyophilized or frozen plasmas can be used when they fulfill specifications or when they are validated for LAC detection. For the confirmation step, bilayer or hexagonal-phase PLs are recommended over other sources, such as rabbit brain extract, PL vesicles, platelet extracts, and frozen-thawed platelets (27 ) .
The use of normalized ratios for all LAC test results is recommended to compensate for inter-and intraassay variation. Calculation of cutoff values by the individual laboratory is mandatory in all test steps, using local reagents and coagulometers. Fewer false positives will be obtained by taking the 99th percentile of a healthy donor population instead of the mean plus 2 SDs (22 ) . Interpretation of mixing studies is now well defined by considering a local cutoff value calculated by the 99th percentile of a normal population or by the Rosner index (27 ) . A percentage correction formula is not considered in this update (73 ) . Alternatively, for confirmation tests a percentage correction formula is recommended (27 ) .
The Sydney criteria have recommended integrated test systems, including screening and confirmation tests into 1 assay, making LAC testing less time consuming and increasing accuracy and interlaboratory agreement (22, 55 ) . Although mixing tests are still considered mandatory for LAC detection in the 3-step procedures (22, 27, 72 ) , the updated guidelines (27 ) recommend specifically for integrated tests that, in principle, no mixing test is required. However, additional considerations are needed. To increase diagnostic efficacy, mixing tests cannot be omitted from integrated test systems and should be applied when the clotting time of the confirmation assay is outside the reference interval (74 ) .
One of the major drawbacks of the coagulation tests used for LAC detection is their sensitivity to the presence of anticoagulant therapy. It is recommended to postpone these tests until the international normalized ratio (INR) is Ͻ1.5. Bridging oral anticoagulant therapy (OAC) with low molecular weight heparin (LMWH) can be an alternative, with blood sampling Ͼ12 h after the last administration. If the INR is between 1.5 and 3, a dilution of patient plasma with NPP can be considered. Nonetheless, testing in the acute phase of the TEC is discouraged (27 ) . The detection of LAC via the combination of PL-dependent and (75 ) . We found that lag time and peak height measured by use of calibrated automated thrombinography are the parameters of choice to monitor the anticoagulant effect of APAs. During TG in 1:1 mixtures of anticoagulated patient plasma and normal plasma, either their plasma peak height (thrombin concentration) was lowered or their lag time delayed, or both. Selected LAC plasmas showed reduced normalized peak height/lag time ratios, irrespectively of their treatment status (75 ) . Coagulation tests have been developed to discriminate between thrombosis-related ␤2GPI-dependent and nonpathogenic non-␤2GPI-dependent LACs (76 -78 ) . However, these tests are used for research purposes only and are not applied in daily practice.
LAC activity should be quantitatively expressed to indicate the strength of activity and to allow numeric differentiation between high and low titers. Quantification of LACs in clinical samples has been complicated by the lack of a suitable standard of activity. We recently demonstrated that TG calibration curves constructed with mixtures of monoclonal antibodies against ␤2GPI and prothrombin allow expression of the strength of LACs in arbitrary units. A broad variation in LAC-positive patients was observed, with titers ranging from 0 to 200 U/mL (35 ) . High titers discriminated well between LAC patients with and without TEC, with an odds ratio of 3.5. This analysis, however, even with the determination of anti-␤2GPI antibodies, was clinically insufficient to discriminate between LAC patients at risk for thrombosis or not. This study demonstrated that if 1 of these 2 parameters had a low titer, additional procoagulant markers needed to be analyzed to reach clinically useful information in weak LAC patients (35 ) .
Conclusions
The detection of APAs in patients with a history of thrombosis or pregnancy complications is an essential step in the diagnosis and management of APS (79 ) . The detection of APAs assigns patients with a common event (thrombosis) to a group with a high risk for recurrence, which is a prerequisite for long-term OAC. The assays for the detection of APAs must be sufficiently sensitive to classify patients correctly as APS positive. They also need to be highly specific, since false-positive results may have an impact on clinical decisions. Falsely diagnosed patients risk being exposed to indefinite OAC with a high risk of bleeding, without having any benefit from such treatment.
Despite updates of the diagnostic criteria, the diagnosis of APS remains difficult. Some aspects of the Sydney criteria were debated after their introduction. The need for more guidelines regarding the detection of LAC is now fulfilled by the SSC updated guidelines. Evidence is growing that only IgGs play a pathogenic role, arguing against the continued detection of IgM antibodies for aCL and anti-␤2GPI. Detection of anti-␤2GPI antibodies specific against the first domain of ␤2GPI seems to be a useful tool to define thrombotic risk in APS patients. Wide variability in strength of this association has been reported in several studies, however, and therefore it seems premature to focus solely on these antibodies. Future research and development of standardized assays that detect only the clinically relevant antibodies will be of great value.
Antibody profiles are encouraged to identify thrombotic risk and are more useful than individual tests in identifying the patient's risk. The thrombogenicity assessment in APS patients is still hampered by laboratory tests that have poor predictive value for the thrombotic phenotype (22 ) . A recent epidemiological study was unable to identify clinical or immunological predictors of thrombotic events, pregnancy morbidity, or mortality (80 ) . Even a quantitative LAC assay is only partially informative in the prediction/exclusion of thrombosis in APS patients, and additional hemostasis markers may have to be adopted to accomplish this task (35 ) .
Large prospective clinical trials examining the relevance of current laboratory tests, combined with potential new prognostic laboratory parameters, will help identify better means for stratification of patients into risk groups. Meanwhile, we will have to rely on the combination of LACs, aCL, and anti-␤2GPI antibodies to diagnose APS.
